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HI=-SPEED LANMNG Ixy.II3s MEASURED ON TBE 

DOUGLAS X-3 R3SEARCH AIRPLANE 

By William L. Marcy 

Landing conditions and landing-gear loads on the Douglas X-3 research 
airplane were investigated during routine research  flights. It was found 
that the X-3 airplane normally landed under power a t  indicated  airspeeds 
from 106 to.145 percent of the stadling speed of 283 feet  per second, with 
rates of descent fram 2 to  5 feet  per second. No correlation was found 
between forward velocity and sFnking speed f o r  the landing speed  range 
investigated. 

Normal landings were found to result  in peak normal accelerations at  
the airplane center of gravity o f  I .6g t o  2.1g. mun axid loads in 
the main struts ranged fran about 11.8 t o  21.0 percent of the design 
ultimate load of 65,720 pounds. mum d r a g  loads varied. from 10.1 to 
13.4 percent of the design ultimate value of 33,640 pounds. Wheel spin- 
up was essentially complete i n  *om 0.2 t o  0.3 second following initial 
touchduwn, after'which the drag loads were low. Side loads were gener- 
ally low except in  one landing where sideslipping was evident;  the maxlmm 
side load was 31.9 percent of the design Ultimate load of 16,600 pounds. 

Data obtained near the end of a landing run as the airplane w a ~  
turned off the runway indicated &al loads on one wheel up t o  23.6 per- 
cent of design ultimate, which  was higher than that of any - inpact 
loads encountered during these tests,  together with side loads up to 
18.1 percent of the design ultimate. 

. Nosewheel loads were  measured during one landing. For this landing 
nosewheel axid loads up t o  6.9 percent of ultimate were experienced, 
w i t h  nosewheel  touchdown occurring  about 24'seconda after the main-gear 
impact. The nosewheel drag loads were strongly influenced by sprlng-back 
of the st rut ,  with maximum values reaching 14.9 percent of UltFmate design 
load. Side loads f o r  the nosewheel  were negligible for this larding. 
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The trend  in   recent   years  toward higher w i n g  loading8 and reduced 
l i f t - to-drag  ra t ios  in high-performance airplanes has resulted i n  approach 
and Landing conditions  not  previously  experienced. The Douglas X-3 
research  drplane  with a landing speed of over 200 knots is an example of 
an  airplane of t h i s  type, and, therefore, the approach conditions and 
landing-gear loads on the X - 3  airplane were considered t o  be of i n k r e s t .  

Sane of the results  pertaining to the approach and landing  conditions 
of the X-3 airplane,  along with approach and landing conditions of several 
other  research airplanes, were reported i n  reference 1. The present  paper 
presents  representative  results frm masurements of landing-gear loads a t  
ground contact  obtained  during a limited research  investigation. Some 
approach- and landing-condition data supplementing that of reference 1 are 
also  presented. These data were obtained during routine  research  f l ights 
of the X-3 airplane conducted by the NACA --Speed Fright  Station a t  
Edwarde, Calif. 

8n airplane normal acceleration a t  center of gravity,  g units 

FA Eaxfal load i n  landing-gear s t ru t ,   pos i t ive  upward ,  lb 

FD drag  load normal t o  landing-gear strut, positive t o  the 
rear, lb 

*Y side load normal t o  landing-gem  strut ,   poeit ive  to  the 
right, lb 

g acceleration due t o  gravity,  ft/sec2 

h airplane a l t i t ude  above ground, f t  

t the, sec 

Vf forward velocity , f t /sec 

vv vert ical   veloci ty ,   f t /sec 

Subscript: 
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The Doughs X-3 is a single-place jet-powered research ahplane 
having a low-aspect-ratio,  tapered wine;, with a w i n g  loading of lo5 pounds 
per  square f o o t  a t  the normal landing weight of 17,500 pounds. kading- 
edge plain  flaps with a  deflection range of 30' and s p l i t  trailing-edge 
flaps w i t h  50° deflection  are used. The control  surfaces  are  operated 
through an irreversible  hydrauc power system. 

The tricycle landing gear is of conventional  oleo-strut  construction 
with Q-pe VI1 Extra High bssu re   t i r e s ,   s i ze  32 by 8.8, for the main gear 
and size 20 by 4.4 for the nose gear. The t i r e  Fnflation  pressure i s  
200 pounds per square inch. To prevent  the tire tread  fran shedding 
because of the high rotat ional  speeds developed by the wheels during 
takeoff and landing, the tread was removed by grinding to a  thickness of 
about 1/8 inch  (ref. 2) . 

A photograph of the airplane is shown in figure 1 and a three-view 
drawing in figure 2. Table I presents  physical  characteristics of the 
airplane  pertinent t o  this investigation. 

Axial, drag, and side loads were masured by resistance-wire strain- 
gage bridges installed on each main-gear axle near the wheel  and on the 
nose-gear s t r u t  above the d e .  Figure 3 shows the approximate strain- 
gage locations on the landing gear. A static  calibration was performed 
t o  determine the strain-gage-bridge responses t o  known loads. Axial 
loads were applied by lowering the airplane onto platform scales under 
the wheels. Drag and side loa& were applled t o  steel plates  resting on 
rollers which  were placed under the wheels, using  the friction between 
the  plate and the t i r e  t o  tranefer l o a d   t o  the wheel. Since each bridge 
responded t o  all cmponents of load, it was found necessary t o  derive 
load  equations by using combined bridge  responses. Based on the  results 
of this callbration and the  reading  accuracies  involved, the measured 
loads are estimated t o  be accurate t o  within t200 pounds. The bridge 
responses were recorded on the airplane  oscillograph. 

Altitude  data during the final approach were obtained by photo- 
graphing the airplane through modified Askania phototheodolites located 
approximately 112 mile f r o m  the runway a t  a film rate of 5 frames per 
second. The accuracy of these' data varied from M .2 to fl. 0 foot 
depending primarily on the distance of the airplane from the cameras. 
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The recording  airspeed system of the airplane,   calibrated  for  posi-  
t ion  and instrument  error, w a s  used to  obtain the forward  velocity a t  
landing. Wind veloci t ies  were negligible compared to  the airplane 
velocity and were, therefore,  neglected. The forward  speed is estimated 
t o  be accurate  to  within t l 5  feet   per  second. The speeds  given i n   t h i s  
paper  are  true  airspeeds  unless  otherwise stated. 

Airplane accelerations a t  landing were obtained from the NACA three- 
component recording  accelerameter  located  near the drplane center  of 
g r a d t y .  The n o m  acceleration is  estimated  to be accurate  to w i t h i n  
f0.04g. 

All landings were made on a s t r i p  300 f e e t  wide and 7.5 miles long, 
marked out on the smooth, hard surface of Rogers Dry  Lake a t  Edwards Air 
Force Base, Calif. The f l i g h t s  were made in   c l ea r  weather with negligible 
winds. A i r  temperatures were estimated  to be from 80' F t o  100' F. The 
altitude of the dry lake is  2,280 f e e t  above sea  level. 

The airplane w m  flown by A i r  Force and NACA test p i lo t s  with con- 
siderable  experience i n  flight research. Although the  pi lots  were aware 
that landing data were being obtained, no special  techniques,  speeds,  or 
other   res t r ic t ions were requested, nor were any flights made solely  to  
obtain lmding data. An escort  airplane accompanied the X-3 on every 
flight, and i t s  p i l o t  assisted the X-3 p i l o t  in landing by calling esti-  
mated a l t i tudes  over the radio. This procedure w a s  used t o  supplement 
the limited visibility forward frm the X - 3  i n  the landing attitude. 
Therefore, as reported in reference 1, normal landings of the X-3 were 
characterized by long power approaches w i t h  gradual flareouts and low 
sinking  speeds. 

RESULTS AND DISCUSSION 

The ver t ica l - f l igh t  profiles just p r i o r   t o  touchdown fo r  six typical 
flights of the X-3 are shown i n   f i gu re  4. This figure presents  time 
his tor ies  of  airplane height above the ground obtained from the Askania 
phototheodolite data. Slopes taken frm these plots indicate that sinking 
speed a t  touchdown for   the X-3 wa6 generally between 2 and 5 feet per 
second. These sinking  speeds  are low, campared with the design ultimate 
value of 14 feet   per  second (ref .  3 ) .  The forward  velocity  ranged from 
about 308 t o  423 f e e t  per second, w i t h  indicated  airspeeds rEtnging from 
106 t o  145 percent of the s ta l l i ng  speed of 283 fee t   per  second. For these 

& 
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tests, there is no apparent  correlation between sinking speed and forward 
velocity. 

Portions of some representative  oscillograph recorda obtained during 
landing, showing the responses of the “ g e a r  strain gages, are pre- 
sented i n  figure 5. Although the  traces  are  identified as dal, drag, 
and side loads, it should be noted that the  true loads are determined 
fram the cmbined responses of all the strain gages, and that no one trace 
represents pure axial, drag, or  side load. Since no significant  differences 
appeared t o  exist between right and left main-gear loa& f o r  symmetrical 
landings, only right main-gear loads are presented in this paper with one 
exception, where right main-gear 10- were not available. 

Figure 5 (c) is a portion of a record  taken 55 seconds af ter  the 
landing impact shown in figure 5(b). This record is of interest because 
it is near the end of the landing run where the speed is about 50 feet per 
second and may  be considered a record taken durrzlg taxling operations. 

Time histories of measured landing-gear loads and airplane  center-of- 
gravity normal accelerations corresponding t o  the landing records shown i n  
figure 5 are sham in figure 6. 

Figure 6(a) preeents right main-gear loads obtained from the record of 
figure 5(a) . AU oscillations of the traces were read from -act until 
t = 56 seconds, but for subsequent time values the high-frequency oscilla- 
tions were faired out. The forward velocity was 347 feet per second. 
Sinking-speed data are not  available  for this flight. 

It can be seen fram the axial-load  variation, as w e l l  as fram the 
normal accelerations, -that a nmnber of short slight bounces occur EtSter 
impact, indicating that most of the airplane weight is being carried by 
wing l i f t .  This is further indicated by the  fact that the axial load 
reaches only 7,800 potmds at a normal- acceleration of l-ng, w h i l e  the 
calculated  reaction  load  for this acceleration and zero wing l i f t  is 
approximately 15,500 pounds per wheel i n  the two-point attitude. The 
maximum normal acceleration is 25.4 percent of the design ultimate landing 
condition of Tg (ref. 3) ,  while the n m d m m  axial load w a s  only 11.8 per- 
cent of the design ultimate load of 65,720 pounds (ref. 3). The n o d -  
acceleration peaks can be seen t o  OCCUT a t  roughly the s- time as the 
axial-load peaks - 

The peak drag load of 3,400 pounds occurred  during the period of peak 
axial load. This peak load is only slightly more thEtn LO percent of the 
design ultimate load of 33,&0  pounds (ref. 3) . It is apparent that the 
wheel  6pin-up is essentially completed In the initial 0.2 second during 
the first met, since  the subsequent drag load8 are very low. A high- 
frequency, fairly constaut amplitude oscillation of  drag load during the 
period of essentfally zero axial load fs noted.  Since the strain gages 
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were located on the d e  near a wheel bearing, it is possible that wheel 
unbalance or  other asymmetric conditione may have resulted i n  loca l  axle 
strains not related t o  the applied ground loads. Calculation of the 
w h e e l  speed f o r  this landing resulted i n  a value of about 42 revolutions - 
per second, which compares favorably with the frequency of the osci l la t ions 
observed. These osci l la t ions were, accordingly, faired out of the later 
portions of the  time history. The incl inat ion of the s t r u t  in the landing 
a t t i t u d e   r e s u l t s   i n  a component of the ver t i ca l  ground reaction which is 
normal t o   t he   s t ru t .  The forward direct ion of this component accounts f o r  
the negative  values that can be seen in drag load during the later portions 
of the time history.  

The side loads are low, indicating good directional  alinement  of  the 
airplane a t  contact. The maximum value of side Load w a s  about 1,500 pounds, 
compared with a design ultimate load of 16,600 pounds (ref. 3 ) .  

Presented i n  figure 6(b) are time his tor ies  of right main-gear loads ' 

and n o r a d  acceleration during mother  l~bndfng impact. Minor high-frequency 
osci l la t ions of load were not read except  through the first impact period. 
For this landing, the sinking speed was about 2.9 f e e t  per second a t  a for -  
ward velocity of about 308 feet per second. The loa& and accelerations 
a re  similar in  nature t o  the loads  presented in figure 6(a) . The maximum 
n o m 1  acceleration m s  2.12g, w i t h  a maximum axial load of 13,800 pounds, 
o r  21 .O percent of design ultimate. %ximu drag load w a s  4,300 pounds, 
or 12.8 percent of design ultimate. These were the highest   axial  and drag 
loads measured i n  landing impact. 'I!he maximum aide load was 2,600 pounds. 

Figure  6(c ) presents the laads measured 55 seconds after the initial " 
touchdown a t  a forward  velocity of about 50 feet per second. This i s  near 
the end of the landing run where a l e f t  turn off the runway was made and 
may be considered  typical of a taxiing  operation. The axial loads are of 
interest, since their general level i s  considerably above the cmputed 
s t a t i c   r eac t ion  of 8,165 pounds f o r  the three-point  at t i tude.  Also, the 
maximum axial load of 15,500 pounds, or  23.6 percent of design ultimate, 
is higher than any maxirmnn axid *act load   for  which data &re available. 
These large loads on the right gear resul ted from a l e f t  turn off the rm- 
way, s o  that centrifugal  force in the  turn  increased the load on the right 
wheel; left-wheel loads, of course, were correspondingly  reduced. This 
e f f ec t  is probably  aggravated by the re la t ive ly  narrow tread of the X-3 
landing gear. It therefore  appears that for landing conditions similar 
t o  those  encountered  during  these tes ts ,  turns w h i l e  taxiing may ixupose 
axial  loads on the landing  gear laxger than  those  encountered  during 
landing  impact. 

The drag loads . i n  t h i s  interval were negligible, but the side  loads 
varied from 1,600 pounds t o  3,000 pounils t o  the lef t  as a result of the 
turn. M E u d m u m  side load w a a  18.1 percent of the  design  ultimate. Normal 

I 
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accelerations during this period ranged from 0.66g t o  1.2% , and trans - 
versetaccelerations up t o  0.34g t o  the l e f t  were observed. 

Shawn in figure 6(d) are   lef t  main-gear loads obtained i n  a landing 
for which the  right-gear loads &re not  available. It can be seen that 
these loads are  not  significantly  different from the right-gear loads 
previously  presented. The forward velocity was 336 feet  per second, with 
a rate of descent of about 4.3 feet  per second. The maximum normal 
acceleration was 1.57g, w i t h  a rrwrimum axial  load of 12,300  pounds during 
the i n i t i a l  -act. A mEwdmum axial load of l5,lKlO pormds is shown during 
the second Fmpact, but it can be seen that this load includes  a high- 
frequency fluctuation of fram 1,500 t o  3,000 pounds,  which is  not believed 
t o  be p a r t  of the applied ground load. The frequency of these  oscillations 
compares w i t h  the wheel rotational speed, and it is  therefore concluded 
that the oscillation is  probably  a result of rotational asymmetry of the 
wheel, as  discussed  previously. The maximum drag load was 3,800 pounds 
and the mum side  load 5,300  pounds (including  fluctuations similar t o  
those -Ln the Ewdal  loads). This side load wa8 31.9 percent of the  design 
u l tha te ,  and was the highest side  load measured during these tests. 
transverse  acceleration at  impact reached 0.2g, indicating that same side- 
slipping was present a t  this time. 

Nose -gear loads are shown i n  f igure 6(e ) f o r  the Landing shown i n  
figure 6(d) .  Impact occurred about 23.7 seconds after the " g e a r  -act 
a t  a forward velocity of about 247 feet per second. The nosewheel behaves 
fn much the same way as the main gear; tht is, the initial. impact is fol- 
.lowed  by a series of short, slight bounces. The oum axial load is 
820 pounds , which is  6.9 percent of the design ultimate value of 
~ ~ 8 6 0  pounds. This load is only 72 percent of the  static-reaction value 
of 1,170 pounds. The mum drag load of 1,000 pounds, or 14.9 percent 
of the  design  ultimate of 6,730 pounds, occurred  during the spin-up, w h i c h  
took about 0.25 second. The time history shows E considerable  fluctuation 
in drag load during the spin-up which i s  different in character from the 
main-gear drag-load fluctuations. This fluctuation is attributed to 
spring-back vibration,  since  the strut is  considerably  smaller and less 
rigid than the main-gear struts and is therefore more likely t o  be subject 
to these  vibratione. It can be seen that these spring-back loads die  out 
after the spin-up is completed, with subsequent law d u e s  of drag load. 
Side  loads were negligible throughout the time interval sbCM, averaging 
less  than 2.5 percent of the design ultimate value of 1,990 pounds. 

To faci l i ta te  comparison of the loads presented i n  figure 6, table I1 
has been prepared s-izing the peak loads and accelerations  for each 
landing, together w i t h  the forward and vertical  velocities. 
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It has been  found that landing  speeds f o r  the Douglas X-3 research 
a i rp lane   in  normal flight research  operations ranged from 106 percent   to  
145 percent of the s t a l l i ng  speed of 283 fee t   per  8econd, with ra tes  of 
descent  ranging from about 2 t o  5 feet   per  second. No apparent  correlation 
existed between forward  speed and sinking  speed for the data obtained. 

.. 

Landing-loads data shared that normal landings  generally  consisted of 
a series of short, mild bounces, with peak normal accelerations a t  the air- 
plane  center of gravity  ranging from about  1.6g t o  2 .lg, and peak ax ia l  
loads  ranging frm 11.8 t o  21.0 percent of the design  ultimate load of 
65,720 pounds per wheel i n  the main gear. For comparison, the main-gear 
s ta t ic-react ion load w a ~  8,165 pounds, or 12.5 percent of design ultimate. 

Maximum drag loa& in   t he  main s t ruts   var ied from 10.1 to  12.8 per- 
cent of the  design ultimate drag load of 33,640 pounds. Wheel spin-up 
appeared t o  be essent ia l ly  complete i n  frm 0.2 t o  0.3 second  following 
initial touchdown, after which the drag loads were generally low. 

Side loads were generally lar except f o r  one landing i n  which some 
sideslipping of the  airplane a t  impact w a s  indicated, w h e r e  31.9 percent 
of the design ultimate load of 16,6m pounds w a s  obtained. 

Data obtained near the end of a landing run, and considered  repre- 
sentative of taxiing  operations,  indicated that for  landing conditions 
similar t o  those  encountered i n  these tests, maximum axfa1 loads resul t ing 
from turns during  taxiing may be higher than -act loads. Axial loads up 
t o  23.6 percent of design ultimate and side loads  up t o  18.1 percent of 
design  ultimate were measured in  this time interval  as a resu l t  of a turn 
made off the runway. Drag loads were small. 

Nosewheel a x i a l  loads up t o  6.9 percent of ultlmate were measured i n  
one landing, with  the nosewheel touchdown occurring a t  a forward velocity 
of about 247 feet   per  second. Nosewheel drag loads were strongly 
influenced by spring-back, with maximum values reaching 14.9 percent of 
ultimate design  loads.  Side  loads were negligible. 

Mgh-Speed Flight  Station, 
National Advisory Committee f o r  Aeronautics, 

Edwards, Calif., November 19, 1957. 

. 
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OF DOUGLAS X-3 RESEAFEE AIRPLANE 

Airplane : 
Length. overall.  ft . . . . . . . . . . . . . . . . . . . . .  66.7 
Wing span. ft . . . . . . . . . . . . . . . . . . . . . . . .  22.6 
w i n g  area. sq ft . . . . . . . . . . . . . . . . . . . . . .  166.5 
Aspect ratio . . . . . . . . . . . . . . . . . . . . . . . .  3.09 

Weight (lanaing). lb . . . . . . . . . . . . . . . . . . . .  17. 500 

W i n g  eweep at 0.75-chord line. deg . . . . . . . . . . . . .  0 
W i n g  loading a t  &ding. lb/sq ft . . . . . . . . . . . . . .  105 

-ding gear (tricycle-type): 
wheelbase. ft . . . . . . . . . . . . . . . . . . . . . . . .  9.67 
Wad. ft . . . . . . . . . . . . . . . . . . . . . . . . . .  6.17 

Main gear . . . . . . . . . . . . . . . . . . . . . . . . .  9 

Noeegear . . . . . . . . . . . . . . . . . . . . . . . .  2 0 b  y 4 . 4  
Main gear . . . . . . . . . . . . . . . . . . . . . . . .  32 by 8.8 

Shock strut travel. in . . 
Nose gear . . . . . . . . . . . . . . . . . . . . . . . . .  8 

Tire size:  

. 

Static reaction loads (lb) a t  nom1 landing weight: 
Nose gear . . . . . . . . . . . . . . . . . . . . . . . . . .  1. 170 
Main gear . . . . . . . . . . . . . . . . . . . . . . . . . .  8. 200 

.. 
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Figme 2.- m e e - v l e w  drawing of the Douglas X-3 research airplane. 

. . . . . . . . . .  
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(a) Main gear. (b) Nose gear. 

Figure 3 . -  Sketch of X-3 airplane landing gear showing location of 
landing-gem s t r a i n  gages. 
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Figure 4.- V a r i a t i o n s  of altitude with time for six typical landings of 
the X-3 amlane .  



(a) Flight A; j q a c t  time 9-94 seconds. 

Figure 5.- Reproductions of portions of X-3 airplane oscillograph records showing the reeponse 
of the landlng-gear strain gages. 

. .  



(b) ~llght B; impact tlme 66.90 seconds. 

Figure 5.- Cmtinued. 
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(c) Flight B; 36 seconds after impact. 

Figure 5 .  - Contlrmed. 
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(a) FVght C; lmpact time 372.80 seconds. 

Figure 5. - Continued. 
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(b) F l igh t  B; right msin-gear inrpact loads; (c )  plight B; r i g h t  main-gear loads &ring 
F 

fn?rard velocity 308 ft/sec; e i n k l n g  speed   an ding runout; farward velocity = 50 ft/sec. 
2.5 to 3.5 ft/sec. GI 

Figure 6 . -  Continued. 
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(a) Flight C; left main-gear impact loads; forward velocity 356 f't/sec; s w i n g  speed 4.3 ft/sec. 

Figure 6 .  - Continued. 
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